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DI LTI AZEM HYDROCHLORI DE TABLETS
I N VI VO Bl OEQUI VALENCE

AND | N VI TRO DI SSOLUTI ON
| NTRODUCTI ON
A dinical Usage

DltlazemHd is classified as a cardi ovascul ar
preparation and anti angi nal cal ci um channel bl ocker.

It is currently approved for i) angina pectoris due to
coronary artery spasmand ii) chronic stable angina
(classic effort-associated angina). |Its therapeutic
effects are brought about by its ability to bl ock
calciumentry into cardi ac and vascul ar snmoot h nuscl e
cells. It is known to dilate coronary arteries as well
as increase the tolerance of angina sufferers to

physi cal exertion by reduci ng the demand for nyocardi al
oxygen(1l).

The dosage is adjusted according to the needs of adult
patients. The starting reginen of 30 ng four times
daily is increased gradually till the opti mum response
is achieved with safety. Safety and efficacy of
diltiazemis not established for pediatric use.
Diltiazemis prescribed to a pregnant woman only if the
potential benefit justifies any potential risk to the
fetus. A nursing nother taking diltiazem shoul d not
breast-feed her infant.

! This statenent, prepared by the D vision of
Bi oequi val ence in the Ofice of Generic Drugs, is an infornal
communi cation under 21 CFR 10.90(b)(9) that represents the best
judgnent of the Division at this tine. This statenment does not
necessarily represent the fornmal position of the Center for Drug
Eval uati on and Research, Food and Drug Admnistration, and does
not bind or otherw se obligate the Center for Drug Eval uati on and
Research, Food and Drug Admnistration, to the views expressed.
For further information about this guidance, contact the D vision
of Bi oequival ence, (Ofice of Generic Drugs, 7500 Standi sh Pl ace,
Metro Park North, Rockville, MD 20855 (Phone: 301-295-8290; Fax:
301- 295- 8183) .



The nost commonl y observed adverse reactions are edena,
headache, nausea, dizziness, rash and astheni a
(weakness, | ethargy).

Marion Laboratories is the innovator and nmarkets this
drug under the brand nane i) Cardizem Rin 30 ng, 60 ny,
90 ng and 120 ng strength (i mredi ate rel ease) tablets;

ii) CardizemR SRin 60 ng, 90 ng, and 120 ng strength

ext ended-rel ease capsules; and iii) Cardizem R CDin 180
ng, 240 ng, and 300 ng strength extended-rel ease

capsul es.

Chem stry !

Dltiazemis 1, 5-benzot hi azepi n-4(5H) one, 3-

(acetyl oxy) - 5-[ 2- (di net hyl am no) et hyl ] -2, 3-di hydro-
2(4- met hoxyphenyl ) -, nonohydrochl ori de. The nar ket ed
product is a 2S,3S optical isonmer(15). It is soluble
in water (56.6 gnim), has a nol ecul ar wei ght of 450.9,
a pKa of 7.7 (pH of 1% aqueous solution = 4.8) and an
optical rotation of [alpha] , = +117.8° The structura
formula of diltiazemHd and its najor metabolic

pat hways appears in the follow ng figure:

D LTI AZEM HO AND MAJOR METABCOLI C PATHWAYS
Phar nracoki neti cs

After oral admnistration of diltiazem, 80-90% of th

dose is absorbed (1,3). D tiazemundergoes extensive
first pass metabolismand has 40-44%oral bioavailabilit
(1) . Diltiazem is 70-80% bound to plasma protein
(1,2,8). Peak plasma diltiazemlevel is reached w thin
2to 3 hours (1,7) after a single oral dose. Himnatio
half-lives of 3 to 5 hours (1,7) and 5to 9 hours (8,9)
have been reported for diltiazem Diltiazem i

nmetabolized by three mjor pathways into variou



netabolites (12). These pathways are i) O deacetylation
ii) Ndenethylation and iii) Odenethylation (12) :
Desacetyldiltiazem (DAD) and N nonodenethyldiltiaze m
(NVD) are active netabolites (6,7,8,9,10).

Until 1987, the neasurenent of desacetyldiltiazem ( DAD)

and N nonodenethyldiltiazem (NVD) was found to b e
difficult in single (IV and oral) dose studie s
(4,5, 6, 10). However, in 1989, Boyd, et al (8) showed th e
possibility of neasuring DAD and NVD follow ng a single
oral dose.

At one tinme, DAD was thought to be the najor netabolite

of diltiazem (2). It is 40-50% active conpared to th e
parent conpound (8,9,10) and shows on average only 20%o0 f
the plasna |l evel s produced by diltiazem(6,7,8). DADIis
68% bound to plasma proteins (8). Follow ng a singl e

oral dose, average half lives of 7.5 hours and 19.5 hour s
(8) have been reported.

Recent studies have denonstrated that N nonode
met hyl ation, leading to the formation of NVD (which i
|l ess active than DAD) is the major netabolic pathway
Average plasma |evels of NVD are about 40% of those o f
diltiazem (6,7). NWD is 77%bound to plasna proteins an d
has an average half life of 8-10 hours (7,8).

(7))

D Itiazem HJ has a therapeutic concentration range o f
50-200 ng/m and is toxic above 1200 ng/m (1,11).

Bl OEQUI VALENCE STUDI ES

A

Types of Studies Required

DiltiazemHd, which is currently marketed as 30 ng, 60
nyg, 90 ny, and 120 ny (i mredi ate-rel ease) tabl ets under
the brand nane Cardi zem R by Marion, should be u sed as the
reference drug product. The b ioequival ence requirenents
for generic diltiazemHO tablets are as foll ows:

1. A single-dose, fasting, two-way crossover stud vy
wth the 120 ng strength gener ic diltiazemHOd test
product conpared to the reference product, Cardi zenR
120 ng tabl ets.

2. In vitro dissolution testing o f the 120 ng strength
tablets fromtest and referenc e lots used inthe in
vi vo bi oequi val ence st udy.



3. A generic firm may request a waiver of th e
bi oequi val ence study requirene nts for the 30 ng, 60
nyg, and 90 ny strength tablets. The request for a
waiver may be granted if the following condition s

are met:
a. The bi oequi val ence study on 120 ng tablet i S
accept abl e.

b. The 30 ng, 60 ng, and 90 ng tablets hav e
fornmul ations proportionally simlar to 120 ny
tabl et.

C. The 30 ng, 60 ng, and 90 ng tablets nmee t
est abl i shed in vitro di ssol utio
speci fication(s).

=}

Fasting Study

oj ective: To objective of th is study is to conpare the
bi oavailability of a generic 1 20 ng diltiazem Hd tabl et
(test product) wth that of the reference produc t
Cardi zemR 120 ng tabl et under fasting conditions.

Desi gn: The study design is a single dose, tw o
treatment, two period, two sequence crossover wth a
washout period of at least 7 days. Subjects should b e
randomy assigned to the two possi bl e dosing sequences.

Facilities: The clinical and analytical sites for the
study should be given along with the nanmes, titles an d
the curriculum vitae of the nedical, scientific an d
anal ytical directors. The sta rting and ending dates for
each clinical study period should be stated. The study
protocol s shoul d be approved by an institutional review
board, and inforned consent forns should be signed by al |
partici pants.

Subj ects: A mninum of 24 subjects should be enrolledi n
the study. It is the responsibility of the sponsor t o]
recruit a sufficient nunber of subjects that will ensure

adequate statistical power. Thus, the sponsor ma vy

recruit sone replacenent subjects in case of dropouts.

Subj ects should be adult nale volunteers between 18-4
years of age and within +10% of ideal body weight fo
body frame and height according to the Mtropolita
| nsurance GConpany Bul I etin, 1983. Al subjects should b e
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gi ven a physical exam nation and appropriate | aboratory
tests 4 weeks prior to the initiation of the study
These shoul d be repeated at the end of the study. Each
subject nust sign a witten informed consent form

Exclusion Criteria: Subjects should be excluded fromth e
study using the followi ng and any other criteria deened
essential by the nedical director of the study:

1. H story of past or recent alco hol or drug addiction
or abuse.

2. H story of hypersensitivity to the drug product or
rel ated chem cal s.

3. Exposure to known hepatic enzyme inducing o r
inhi biting agents(s) within 30 days prior to th e
st udy.

4. Use of any prescription drug p roduct within 2 weeks
and any OIC drug product withi n 3 days prior to the
st udy.

5. Participation in an investigational drug stud vy

within 30 days prior to the study.
6. Bl ood donation within 30 days prior to the study.
7. Tobacco use in any form
Procedures: After an overnight (at least 10 hours) fast ,

subjects should receive a single dose of the test produc t
or the reference product with 240 m of water:

Treat nent A Test product, 1 x 120 ng, diltiaze m
tabl et.
Treat nent B: Ref erence product, 1 x 120 ng Cardi zem R

tabl et (Marion).

The test product should be fro ma production lot or from
a |l ot produced under production conditions. The lot siz e
of the test product should be equal to or nore tha n
100, 000. The lot nunbers of b oth the test and reference
products and the expiration date for the referenc e
product should be stated. The potency of the reference
product should not differ fromthat of the test product

by nore than +5% The sponsor should include a statenen t



of the conposition of the test product.

The clinical staff admnisteri ng the doses should verify
that the dose was ingested by each subject. At |eas t
seven days after the last sanp le collection in the first
period of the study, each subject should receive th e
alternative treatnent.

Restrictions: Prior to and during each study period
subj ects should conformto the follow ng restrictions:

a. Water will be allowed ad libitum except for on e
hour before and after drug admni stration.

b. Subjects should be served standardized neals n o
less than 4 hours after drug admnistration. Only
standardi zed neal s and beverag es at specified tines
wll be allowed during the study.

C. No  al cohol or xanthine-containing foods o r
beverages shoul d be consuned for 48 hours prior to
each study period and until after the last bloo d
sanpl e is coll ected.

d. Subjects will be confined to the clinical facility
for 48 hours after each dosing.

Bl ood Sanpling: Bl ood sanples should be drawn at 0
(predose), 0.5, 1.0, 1.5, 2, 3 , 4, 6, 8, 10, 12, 14, 16,
24, 30, 36 and 48 hours postdo se. The sanples should be
cooled imrediately on ice and the plasma should b e
separated and frozen within on e hour of collection. The
separ ated pl asnma shoul d be stored frozen (not nore than
Ssix weeks) at -20 ° Cuntil assayed. Sponsor sh ould state
the elapsed tinme between sanple collection and sanpl e
assay for every subject. Sponsor should avoid thaw n g
and refreezing of sanples. An explanation should be give n
for any m ssing sanpl es.

Anal ytical Methods: There are HPLC nethods available to
neasure diltiazemand its najor netabolites (DAD and NVD )
(13, 14). The firmmay develop its own assay for th e
nmeasurenents of diltiazemand its nmetabolites (DAD an d
NVD) .

The assay shoul d be properly validated for:

1. accuracy (determned by %of the nomnal),



2. inter- and intra-day precision (determned by % CV
of standards used in a calibration curve an
quality control (@O standards),

3. specificity (no interference by other anal ytes),
4. [imt of quantitation and
5. stability data (see bel ow).

The | owest concentration of a standard on the calibratio
curve should be the limt of quantitation. The Q
standards (low, mddl e and high ranges of the calibratio
curve) should be prepared on the sane day as th
col l ection of subject sanples and should be stored with
the subject sanples under the same conditions. Th
sponsor should neasure the analytes from all plasm
sanpl e of a subject fromboth treatnents in the sane run
along with the calibration curve standards and Q
st andar ds.

The sponsor should submt the follow ng assay validation
dat a:

1. Conpl ete prestudy assay validation data and th
details of analytical method.

2. Raw dat a, equation used for plotting th
calibration curve, internal st andard, and a sumary
table showing all the values for standards o
calibration curves and QG standards obtained fro
the nunber of calibration curves enployed in th
study with nean value and % CV for every standar
in calibration curves and QC st andard.

3. Stability data fromstudy conducted at:

a. frozen conditions for at |least as |long as the
| ongest period of tinme between sanpl
col l ection and sanpl e assay for the study,

b. room tenperature for at least as long as th
| ongest period of tine between sanpl e thaw ng
and sanpl e assay, and

C. freeze-thaw cycles if reassay is antici pated.

The sponsor should state in standard operating procedure
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the analytical criteria wiich determne the acceptabilit vy
of a standard curve. Atable for reassay shoul d include
a list of reassayed sanples, original concentration :
reason for reassay, reassay concentration, reporte d
concentration and reason for selection of reporte d
concentrati on.

Phar macoki neti c Anal ysis: The individual subject plasna
drug (and netabolites) concentration-tinme profiles an d
the nmean profiles for two trea tnents should be presented
(separately) in tabular forns. Fromindividual plasm a
profile(s) the follow ng pharnmacokinetic paraneter s
shoul d be obtained. The individual and nmean val ues for
bot h treatments shoul d be presented:

a. AUC,,, where T is the last measurable tine poin t
cal cul ated by the trapezoidal rule.

b. AUC, ., where AUC,. = AUC, + C/(r),C,is the las't
neasur abl e drug concentrati on and A, IS the ter mnal
elimnation rate constant.

C. The termnal phase elimnation rate constant ( Ay IS
calculated wusing an appropriate pharmacokineti c
nmet hod.

d. Peak drug concentration (C ) and the tine to peak

drug concentration (T ) are obtained directly from
the data w thout interpolation.

Statistical Analysis: The sponsor should performth e
followi ng tests:

a. Analysis of variance (ANOVA) appropriate for a
crossover design on the pharnacoki netic paraneters
AUC,,, AUC,. and C., using Ceneral Linear Mdel s
(&M procedure of SAS(12) or an equi val ent program
shoul d be perfornmed. The statistical nodel should
include terns describing the error attributable to
sequence [subj (seq)], period and treatnent. Th e
sequence effect should be tested against th e
bet ween subject [subj (seq)] e rror term Al other
main effects shoul d be tested agai nst the residual
error fromthe ANOVA

b. The ESTIMATE statement in SAS should be used t 0]
obtai n l'i near estimates for t he adjuste d
differences between treatnent means and the erro r
associ ated with these differences.



C. The LSMEANS statenent should be used to cal cul at
| east -square nmeans for treatnents.

d. The two one-sided tests procedure (13) should b
used to cal cul ate 90% confidence intervals for the
mean difference for AUC and C ,, Wwhich shou
generally be within + 20% of the correspondin

r ef erence nean.

Phar macodynam ¢ Measurenents: Diltiazem is known t
cause PR interval prolongation in healthy subjects after

a single oral dose (8).

The sponsor shoul d perform ECG

nmeasurenents on every subject at predose and at 2, 3, an
4 hour s postdose to measure a possible PR interva

prolongation due to the

treatnents. The results of thes

nmeasur enents shoul d be submtted in the final report.

Adverse Reactions: The

sponsor should report all advers

reactions that occurred during the study with regard to
the nature, onset, duration, frequency, severity, type o

treatment during which

the reaction occurred and th

suspected relation to the drug treatnent.

DI SSOLUTI ON TESTI NG

D ssolution testing should be conducted on 12 individua

dosage units of the test and r

ef erence products fromthe same

lots used in the 1in vivo bioequival ence studies using th

fol | owi ng net hodol ogy:

Appar at us: USP XXI'| apparatus |l (paddl e)

RPM 75

Medi um 900 m distilled or deaerated water at 37 °C
Tabl et s: 12

Ref. Drugs: Car di zem®R from Mari on

Sanmpling tine: 30, 60, 90 and 180 m nutes

Specification: NMI 60% of the |abeled anount of the drug i
the dosage formis dissolved in 30 mnute
and NLT 85% of the | abel ed anount of the drug
in the dosage form is dissolved in 18

m nut es.

The sponsor shoul d i ncl ude the
di ssol ution testing:

follow ng information fromthe

a. Lot nunbers for both test and reference products.

b. The percent dissolution for each dosage unit being teste

(¢
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at each tine interval.

C. The nmean percent dissolved, the range of percen
di ssolution and the coefficient of variation for the 12
units being tested at each tinme interval.

d. Validation data for the anal ytical method used.

e. Expiration date for the reference product.

V. WAl VER REQUESTS

A sponsor may request a waiver of the bioequivalence stud
requirenents for inmmediate release 30 ng, 60 ng, and 90 m
diltiazem tablets. The sponsor should include the follown
information wth the waiver request:

1. A si de-by-side conpari son of the conposition of the 120
ng tablet and the lower strength tablet which is th
subj ect of the waiver request.

2. Conparative (test and reference) dissolution data fo
| oner strength tablets.
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